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A new interactive system for computerized taxonomic identification and information retrieval, operable on MS-
DOS microcomputers, is now available. In this application to southern African grass genera the data include 
synonyms, morphology, anatomy, physiology, cytology, classification, pathogens, world and local distribu-
tions and references. The program is part of the DELTA system, which also provides natural language 
descriptions and printed keys. The data for the southern African genera can be provided separately, or inclu-
ded in the complete data for the grass genera of the world. 
'n Nuwe interaktiewe stelsel vir gerekenariseerde taksonomiese identifisering en inligtingsherwinning, bedryf-
baar op MS-DOS-mikrorekenaars, is nou beskikbaar. Hierdie toepassing op Suider-Afrikaanse grasgenusse 
bevat data oor sinonieme, morfologie, anatomie, fisiologie, sitologie, klassifikasie, patogene, wereldwye en 
plaaslike verspreidings en verwysings. Die program is deel van die DELTA-stelsel, wat ook voorsiening maak 
vir beskrywings in gewone taal en gedrukte sleutels. Die data vir die Suider-Afrikaanse genusse kan 
afsonderlik verskaf word, of by die volledige data vir die grasgenusse van die wereld ingesluit word . 
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Introduction 
We here announce the availability and illustrate the 
capabilities of a new computerized system for interactive 
identification and information retrieval for grasses, with 
special emphasis on applications in a southern African 
context. In doing so , we will demonstrate some of the 
advantages of automating taxonomic descriptions . The 
applicability of automation at different levels of the 
taxonomic hierarchy , and its ability to cope with diverse 
organisms and very large data sets have been discussed 
and exemplified by Watson et al . (1988) , with reference 
to successful applications to all genera of caesalpinoid 
legumes and grasses , to floristic descriptions of the 
genera , species , subspecies and varieties of Paniceae in 
Australia, as well as to beetles and plant viruses. The 
application described here comprises grass genera , and 
foreshadows an automated system for the complete grass 
flora of southern Africa , preparation of which is already 
under way. This example also illustrates for the first time 
a new interactive program which is a significant exten-
sion of the facilities available in the DELTA system. 
Computerization of taxonomic descriptions offers 
great advantages over traditional methods. New data can 
be incorporated as they accrue , so that descriptions , 
classifications and keys can be continuously updated ; 
and the range and flexibility of the new identificatory 
and information retrieval techniques made available by 
automation bring within easy reach operations which 
were previously impossible or hopelessly laborious . We 
are on the threshold of a new era in taxonomic descrip-
tive work , which will incorporate a significant automated 
component. It is worthwhile taking this opportunity, 
therefore , to show that if the potential of automation is 
to be fully reali zed , it will be necessary to reconsider the 
objectives , and consequently the practical organization , 
of descriptive taxonomy. Tn particular , the samples of 
interrogations reproduced below show that if 
automation is limited to the sort of data found in conven-
tional printed floras , a major advance will have been 
made (see Examples 1- 3) . However , aciting oppor-
tunities for automation lie beyond traditional floristics , 
in linking taxonomic data to results from allied 
disciplines, thus extending fundamental taxonomic 
research , applying taxonomic expertise in othe r biolog-
ical disciplines , and perhaps attracting much-needed 
funds into systematics (see Examples 4-7). 
Procedures 
The DELTA system 
The DELTA system (Dallwitz 1980; Dallwitz & Paine 
1986) was designed to satisfy a need (cf. Watson & Milne 
1972) for a generalized system for accommodating all the 
different kinds of descriptive data used by taxonomists, 
without information loss, in an easy-to-use format 
designed to minimize coding errors . An associated 
program , CONFOR, translates the coded descriptions 
into natural language , offering a choice of formats ; 
produces summarized data for specified sets of taxa , 
giving for multistate characters the numbers of taxa 
exhibiting each character state and for numeric charac-
ters giving the means , ranges and names of taxa 
representing the extremes of ranges ; and carries out 
various data maintenance operations - for example , 
changing the sequences of characters and character 
states while automatically keeping all the files consistent 
with one another. Data coded in DELTA format can 
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Example 1 Identify a fragmentary specimen from 
southern Africa (detailed provenance unknown), limited 
to vegetative parts and inflorescence remains with 
empty glumes. Start by setting an appropriate MATCH 
command, and obtaining a list of character and taxon 
keywords. 
Enter command: MATCH IOU 
MATCH set to Inapplicables, Unknowns, Overlap. 
Enter command: KEYWORDS CHARACTERS 
CHARACTER KEYWORDS 
USed 
AVailable 
ALL 
Nomenclature 
Vegetative form 
HAbit 
CUlms (form) 
LEAVes (form) 
REProductive organization 
INFlorescence form 
FEMSterile spikelets 
FEMFertile spikelets 
GLumes 
INComplete florets 
FLorets (female-fertile) 
LEMmas (female-fertile) 
AWns of female-fertile lemmas 
PALeas (female-fertile) 
ANdroecium of female-fertile florets 
GYnoecium 
FRuit 
SEedling 
LEAF blade anatomy 
LB epidermis 
PHOtosynthetic pathway, etc 
ULtrastructure of the leaf blade 
Biochemistry 
TS Anatomy of the leaf blade 
TSCulm 
DIAgnostic features of individual taxa 
CYtology 
CLassification 
SUBfamilies 
SUPertribes 
TRibes and subtribes 
SPecies number 
Ecology 
Weeds 
GEography 
PHYtogeographical Kingdoms, Regions, etc 
DIStribution 
REFerences 
DNa 
PAThogens 
RUsts 
SMuts 
HYbrids 
COmments 
PReset for diagnostic descriptions 
Enter command: KEYWORDS TAXA 
TAXON KEYWORDS 
Remaining 
Eliminated 
ALL 
AUstralia 
TEAfrica 
Safrica 
Greece 
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Using the keywordfor southern Africa. eliminate irrelevant taxa and 
explore the available vegetative characters. 
Enter command: INCLUDE TAXA SAFRICA 
203 taxa included. 
Enter command: CHARACTERS VEGETATIVE 
3: <longevity of plants> 
4: <habit> 
12: culms <whether branched above> 
38: leaf blades <mature: foldedlrolled> 
46: adaxial ligule <form - avoid seedlings> 
Use three of the 47 available vegetative characters. 
Enter command: 4 
4: <habit> 
1. long-rhizomatous 
2. long-stoloniferous 
3. caespitose <Figs 1,7> 
4. decumbent <including 'rooting at the nodes'> <Fig. 2> 
Enter value: 2 
81 taxa remain. 
Enter command: 12 
12: culms <whether branched above> 
1. branching <vegetatively> above <Fig. 2> 
2. unbranched <vegetatively> above <Figs 1,7> 
Enter value: 2 
68 taxa remain. 
Enter command: 38 
38: leaf blades <mature: foldedlrolled> 
1. flat 
2. folded <Fig. 42> 
3. rolled 
4. acicular 
Enter value: 2 
30 taxa remain. 
Search for ligule characters by word, obviating the need to scan the 
list for them. 
Enter command: CHAR "ligule" 
45: adaxial ligule <presence> 
46: adaxial ligule <form - avoid seedlings> 
47: adaxial ligule <shape of apex> 
48: adaxial ligule <length at middle: generally recorded only for 
membranous, un fringed forms> 
49: abaxial <outer> ligule <data very incomplete> 
Enter command: 46 
46: adaxial ligule <form - avoid seedlings> 
1. an unfringed membrane <may be variously hairy or ciliolate> 
<Fig. 19> 
2. a fringed membrane <Figs 20,21,23> 
3. a fringe of hairs <Fig. 22> 
4. a rim of minute papillae 
Enter value: 2 
17 taxa remain. 
Search for observable inflorescence characters. 
Enter command: CHAR INFLOR 
62: inflorescence <whether possessing pseudospikelets: see 
McClure 1973 for defmition> 
70: inflorescence <whether digitate or subdigitate: state 1 requires 
subdivision> 
71: with <number of primary inflorescence branches: applied mainly 
to forms with spike-like main branches - data very incomplete> 
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100: spikelets <whether in regular long-and-short combinations, as 
exemplified in typical andropogonoids> 
Enter command: 70 
70: inflorescence <whether digitate or subdigitate: state 1 requires 
subdivision> 
1. digitate or subdigitate <includes paired branches> <Figs 38, 
54> 
2. not digitate <neither digitate nor 'subdigitate' - implicit> 
Enter value: 1 
5 taxa remain. 
136. Chloris 
160. Craspedorhachis 
172. Cynodon 
506. Paspalum 
690. Tetrapogon 
Enter command: 71 
71: with <number of primary inflorescence branches: applied mainly 
to forms with spike-like main branches - data very incomplete> 
Units: primary inflorescence branches 
Enter value: 4 
4 taxa remain. 
136. Chloris 
160. Craspedorhachis 
172. Cynodon 
506. Paspalum 
Search for observable spikelet features. 
Enter command: CHAR FEMF 
52: the spikelets <whether heterospiculate> 
109: <female-fertile> spikelets <plane of compression> 
110: <female-fertile> spikelets <shape of 'dorsiventrally flattened' 
forms> 
111: <female-fertile> spikelets <location of disarticulation 
positions> 
232: stigmas <colour, in chasmogamous spikelets> 
Enter command: 109 
109: <female-fertile> spikelets <plane of compression> 
1. compressed laterally <lying on the side when placed on a flat 
surface> <Plates 1:2,1:5,1:9,2:15,2:17; Figs 30, 54, 56, 61, 
67,68,73, 119> 
2. not noticeably compressed <terete> 
3. compressed <dorsally, ventrally or> dorsiventrally <lying on 
front or back when placed on a flat surface> <Plates 1 :4, 1:7, 
2:10,2:11; Figs 70,74,75,82,97,98> 
Enter value: 1 
2 taxa remain. 
136. Chloris 
172. Cynodon 
Will the available glumes enable us to distinguish? 
Enter command: DIFFERENCES (136 172) GLUMES 
126: glumes <of female-fertile spikelets, whether markedly unequal 
in the intact spikelet; regardless of any differences in form> 
136. Chloris 
1. very unequal 
172. Cynodon 
2. more or less equal 
1 difference between taxa. 
Enter command: 126 
126: glumes <of female-fertile spikelets, whether markedly unequal 
in the intact spikelet; regardless of any differences in form> 
1. very unequal <in length in the intact spikelet> <Plates 1:8, 
2:10,2:12; Figs 61,68,71> 
2. more or less equal <in length in the intact spikelet> <Plates 
1:1,1:7,2:11; Figs 62, 66, 73, 79,85,89,114,119> 
Enter value: 2 
1 taxon remains. 
172. Cynodon 
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Obtain a description ofCynodonfor the characters used, and check 
the specimen against it. 
Enter command: DESCRIBE REMAINING 
Enter character ranges or keywords: USED 
172. Cynodon <Rich.> 
4: 
1. long-rhizomatous 
2. long-stoloniferous 
38: leaf blades 
1. flat 
2. folded 
46: adaxial ligule 
2. a fringed membrane 
3. a fringe of hairs 
70: inflorescence 
1. digitate or subdigitate 
71: with 
2-20 primary inflorescence branches 
109: spikelets 
1. compressed laterally 
126: glumes 
2. more or less equal 
The description seems correct for the specimen. Now cover the 
possibility of an interpretive or data error (character 109 involved 
some guesswork). Retrieve all the southern African genera differing 
from this description in only one character. 
Enter command: SET TOLERANCE 1 
TOLERANCE set to 1. 
14 taxa remain. 
( 1) 59. Arthraxon 
( 1) 91. Brachyachne 
( 1) 136. Chloris 
( 1) 139. Chrysopogon 
( 1) 149. Coelachyrum 
( 1) 160. Craspedorhachis 
( 0) 172. Cynodon 
( 1) 179. Dactyloctenium 
( 1) 234. Ehrharta 
( 1) 368. Leptochloa 
( 1) 541. Poa 
( 1) 662. Sporobolus 
( 1)690. Tetrapogon 
( 1) 741. Vetiveria 
Continue pursuit of the identification, requesting the program to 
suggest suitable characters (if any are available). 
Enter command: INCLUDE CHAR VEG INFL GLUME 
122 characters included. 
Enter command: BEST 
SEPN. BEST CHARACTERS 
.70 32: leaf blades <shape: data very incomplete> 
.49 7: <mature> culms <maximum height: data unreliable for 
large genera> 
.27 34: leaf blades <whether broad or narrow (specify the true 
range» 
.24 6: <height of mature plants, whether 3 m or more> 
.20 8: culms <whether woody or herbaceous> 
.14 3: <longevity of plants> 
.14 27: leaves <whether auricles present or absent: see Clifford 
and Watson 1977, for definition> 
.14 29: leaves <whether having joined sheath margins> 
.09 35: leaf blades <mid-width: data very incomplete> 
.05 21: plants <whether conspicuously armed> 
End of available BEST characters. 
And so on. A further option is to obtain diagnostic descriptions of 
likely tara, from which we can arrange to omit 'characters' of no 
use in this connection (see Example 2). 
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Example 2 The genus Cymbopogon is sometimes 
confused with closely related genera. Provide 
diagnostic descriptions that will distinguish it from all 
other southern African grass genera. 
Enter command: MATCH 0 U 
MATCH set to Unknowns. Overlap. 
Eliminate genera irrelevant in the present context. 
Enter command: INCLUDE TAXA SAFRICA 
203 taxa included. 
Find the number of the genus. 
Enter command: TAXA" Cymbopogon" 
170. Cymbopogon 
Enter command: DIAG 170 
170. Cymbopogon <Spreng.> 
156: female-fertile spikelets 
1. with proximal incomplete florets 
23: the shoots 
1. aromatic 
52: the spikelets 
1. of sexually distinct forms on the 
same plant 
95: spikelets 
2.notsecund 
Distinguish it from each of its closest southern African relatives in 
at least two respects. 
Enter command: INCLUDE TAXA 17020962136330 
5 taxa included. 
Enter command: SET TOL 1 
TOLERANCE set to 1. 
5 taxa remain. 
36. Andropogon 
170. Cymbopogon 
209. Diheteropogon 
330. Hyparrhenia 
621. Schizachyrium 
Enter command: DIAG 170 
170. Cymbopogon <Spreng.> 
23: the shoots 
1. aromatic 
81: spikelet-bearing axes 
1. with very slender rachides 
144: lower glume 
1. two-keeled 
202: palea 
2. absent 
also be translated into the formats required by various 
other taxonomic programs, including KEY (Dallwitz 
1974; Dallwitz & Paine 1986) and GENKEY (Payne 
1975), for making printed keys; DIST (Dallwitz & Paine, 
unpublished) for generating distance matrices, and 
PAUP (Swofford 1984), for phylogenetic analysis. 
DELTA format is used directly, by programs of the 
PANKEY package for key generation, interactive key 
construction, polyclaves, interactive identification, 
identification by matching, description printing and 
preparing diagnostic descriptions (Pankhurst 1986; 
Pankhurst & Aitchison 1975). DELTA was adopted as 
the standard format for taxonomic descriptions at the 
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1988 meeting of TDWG (Taxonomic Databases Work-
ing Group for Plant Sciences) in St. Louis, Missouri. 
The program INTKEY 
INTKEY greatly extends the range of applications 
accessible through the DELTA format. It is a completely 
new program, although it owes a great deal to exper-
ience gained using a program based on Version 3 of R.J. 
Pankhurst's interactive identification program, 
ONLINE (Pankhurst & Aitchison 1975). INTKEY and 
ONLINE have evolved in rather different directions, but 
their common ancestry will be apparent to users of both. 
Complete , self-contained instructions for USIng 
INTKEY are incorporated in the program: a general 
introduction , detailed information on the individual 
parameters, and instructions for setting them for 
particular requirements may be obtained on first starting 
the program, or in the process of operating it. It would 
be tedious to list here all the available options , and to 
explain in detail how the program works. Instead, the 
most commonly used commands are listed in Table 1, 
and examples of actual interrogations have been chosen 
(Examples 1- 7) to indicate something of the range of 
facilities offered. Inspection of the Examples will show 
that INTKEY affords a number of taxonomic research 
features which are lacking in less sophisticated 
programs. These include direct handling of numeric 
values, which therefore do not have to be arbitrarily 
ranged; the ability for altering the treatments of 
unknowns , inapplicables and overlapping values, as 
required for different applications; retrieving text 
information (for example, synonyms, references etc.); 
restricting operations to subsets of characters or taxa; 
defining keywords to represent subsets of characters and 
taxa; locating characters by included words, and taxa 
directly by name; specifying 'character reliabilities' 
(weightings) appropriate for particular purposes 
(rendering practical the calculation of BEST characters 
when pursuing identifications and diagnostic descrip-
tions among large suites of taxa); obtaining lists of taxa 
lacking particular features or combinations of features 
(TAXA ELIMINATED), as well as of taxa possessing 
them; preparing lists of taxa un coded for particular 
characters, and lists showing for how many of particular 
suites of characters individual taxa are uncoded; listing 
similarities between taxa, as well as differences (with the 
ability to vary the interpretations of 'similarity' and 
'difference', using the MATCH command); describing 
taxa, or comparing and/or contrasting them, in terms of 
specified characters or sets of characters; preparing 
diagnostic descriptions; preparing combined descriptions 
of subsets of taxa; and extracting special-purpose subsets 
of the data. In addition, the program handles large sets 
of data, as exemplified by the present one, with 
acceptable response times. 
We draw particular attention to the fact that INTKEY 
is as useful for general purpose information retrieval as 
for identification. The combination of INTKEY and 
these grass data, backed by the full DELTA system, 
offers on a large scale and in fully operational form many 
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Example 3 Obtain some basic taxonomic background 
on an unfamiliar genus: Afrachneria. 
Enter command: TAX "Afrachneria" 
13. Afrachneria 
Use appropriate keywords (see Example I). 
Enter command: DESCRIBE 13 NOMEN CLASSIF SPECIES 
DISTRIB COMMENTS 
13. Afrachneria <Sprague> 
1: 
<Achneria Benth.> 
2: 
<= Pentaschistis> 
379: 
3. Arundinoideae 
383: 
5. Danthonieae 
387: 'nearest neighbours' 
<Triplachne 0.0240, Pentaschistis 0.0250, Poagrostis 0.0253, 
Phaenanthoecium 0.0289> 
388: 
10 species 
414: 
<Southern Africa> 
428: 
<involved in an ongoing Flora of Southern Africa revision of 
Pentaschistis> 
What are the implications of involvement with Pentaschistis? 
Enter command: TAX "Pentaschistis" 
511. Pentaschistis 
Enter command: DESC 511 NOMEN CLASSIF SPECIES 
DISTRIB 
511. Pentaschistis «Nees) Spach> 
379: 
3. Arundinoideae 
383: 
5. Danthonieae 
387: 'nearest neighbours' 
<Phaenanthoecium 0.0451, Karroochloa 0.0458, Danthonia 
0.0488, Rytidosperma 0.0496> 
388: 
60 species 
414: 
<Africa, Madagascar> 
It is part of the worldwide 'Danthonia' imbroglio. How is 
Afrachneria distinguished from Pentaschistis? 
Enter command: MATCH IOU 
MATCH set to Inapplicables, Unknowns, Overlap. 
Enter command: EXCLUDE CHARACTERS NOMEN GEOG 
CLASS SPECIES 
36 characters excluded. 
Enter command: DIFFERENCES (13 511) 
Enter character ranges or keywords: 
112: <female-fertile> spikelets <whether rachilla disarticulates 
between the florets of spikelets with two or more fertile florets> 
13. Afrachneria 
1. not disarticulating between the florets 
511. Pentaschistis 
2. disarticulating between the florets 
180: <female-fertile> lemmas <whether mucronate or awned> 
13. Afrachneria 
1. awnless 
2. mucronate 
511. Pentaschistis 
3. awned 
242: pericarp <whether fused or loose (or free» 
13. Afrachneria 
2. fused 
511. Pentaschistis 
1. loose 
3 differences between taxa. 
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Of these three supposed differences, 180 looks like a question of 
degree, and 242 is in general less well known than it should be. 
more facilities than have been displayed in advertizing 
the taxonomic possibilities of 'expert systems' (e. g. 
Woolley & Stone 1987; Atkinson & Gammerman 1987). 
The data on grass genera 
The world grass generic descriptions (numbering 762 at 
the time of writing: ct. Watson & Dallwitz 1988) have 
been prepared by Watson and collaborators , and repre-
sent about 16 years' work. They are maintained in 
DELTA format by Watson in the Taxonomy Laboratory 
of the Research School of Biological Sciences at the 
Australian National University. This application of 
INTKEY, therefore, is backed up by other products of 
the same database , including complete descriptions of 
the 762 genera (currently available on microfiche). The 
origins and development of the world generic descrip-
tions have been discussed elsewhere (Watson 1987). It is 
important to emphasize here, however , that significant 
improvements have been made in them for the present 
application , mainly involving extensive work by Gibbs 
Russell on the southern African genera in the world data 
bank. The following procedure was adopted, commen-
cing with extraction of a southern African generic 
subset. 
] . Checklists of grasses for the whole of southern Africa , 
and for each of the Flora of southern Africa territories 
(South West Africa/Namibia, Botswana , Transvaal, 
Orange Free State , Swaziland, Natal, Lesotho , Cape 
Province) were generated from the specimen compo-
nent of PRECIS (Gibbs Russell 1985; Gibbs Russell 
& Arnold , in press) . 
2. 'Characters' for recording presence in each of the 
FSA territories and status (native , naturalized , culti-
vated) in southern Africa were added to Watson's 
character list , and the PRECIS distribution data and 
local status were added to the description of each 
southern African genus in the world data bank. 
3. All relevant generic descriptions were examined 
critically , with reference to southern African material. 
About 70 (mainly endemic to southern or southern 
tropical Africa) were found by manual and interactive 
searches to lack significant morphological data , and 
about 35 needed more anatomical data (cf. Watson 
1987). 
4. The accuracy of the existing descriptions was checked , 
and missing information was supplied. Morphological 
data were recorded from PRE herbarium specimens 
of all the southern African species of each genus, and 
entered in the world data bank. R.P. Ellis sent copies 
of his anatomical photomicrographs to Watson , who 
entered data from them and continued adding original 
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Example 4 Seek an indigenous annual with low ploidy 
which is widespread in southern Africa (wanted for 
comparative enzyme studies). An inquiry of this kind 
would be better pursued via descriptions prepared at 
the species level; also, the cytological data in the 
present descriptions are not com~rehensively re.corded. 
However, to retrieve genera native to the region and 
known to consist of or to include annual species: 
Enter command:MA TCH 0 
MATCH set to Overlap. 
Enter command: 431 
431: <status in southern Africa> 
1. native 
2. naturalized 
3. cultivated 
Enter value: 1 
166 taxa remain. 
Enter command: 3 
3: <longevity of plants> 
1. annual <or biennial, without remains of old sheaths or culms> 
2. perennial <with remains of old sheaths and/or culms> <Figs 
1,2,18> 
Enter value: 1 
10 1 taxa remain. 
Which of these genera are 'widespread' in southern Africa to the 
extent of being represented in every region? 
Enter command: MATCH S 
MATCH set to Subset. 
Enter command: 394 
394: <Geographical distribution in southern Africa> 
1. Botswana 
2. Cape Province 
3. Lesotho 
4. Natal 
5. Orange Free State 
6. South West Africa/Namibia 
7. Swaziland 
8. Transvaal 
9. not in southern Africa 
Enter value: 1-8 
27 taxa remain. 
What kind of cytological information is in the descriptions? 
Enter command: CHARACTER CYTOL 
376: chromosome base number, x = 
377: <recorded ploidy levels: data very incomplete> 
378: mean diploid 2c DNA value <range and number of species 
studied in parentheses. Data mainly from Bennett and Smith 
(1976) and Bennett, Smith and Heslop-Harrison (1982» 
429: <diploid chromosome numbers: data very incomplete> 2n = 
Are any of these 'widespread' genera recorded as exclusively 
diploid? 
Enter command: MATCH E 
MATCH set to Exact. 
Enter command: 377 
377: <recorded ploidy levels: data very incomplete> 
Units: ploid 
Enter value: 2 
1 taxon remains. 
713. Trichoneura 
Given lack of confidence in the cytological data, try extending the 
range of possibilities to 'widespread' genera which are recorded as 
including diploids, as distinct from being supposedly exclusively 
diploid. 
Enter command: DELETE 377 
27 taxa remain. 
Enter command: MATCH 0 
MATCH set to Overlap. 
Enter command: 377 
377: <recorded ploidy levels: data very incomplete> 
Units: ploid 
Enter value: 2 
13 taxa remain. 
36. Andropogon 
56. Aristida 
136. Chloris 
202. Dichanthium 
235. Eleusine 
242. Enneapogon 
247. Eragrostis 
307. Heteropogon 
330. Hyparrhenia 
639. Setaria 
662. Sporobolus 
710. Tragus 
713. Trichoneura 
Obtain some relevant descriptions. 
Enter command: INCLUDE TAXA 56 242 713 
3 taxa included. 
Enter command: DESC REM 3 CYTOL SPECIES 
56. Aristida <L.> 
3: 
1. annual 
2. perennial 
376: chromosome base number, x = 
11/12 
377: 
2/4/6 ploid 
388: 
330 species 
429: 2n = 
22/24/36/44/48/66 
242. Enneapogon <Desv. ex P. Beauv.> 
3: 
1. annual 
2. perennial 
376: chromosome base number, x = 
9/10 
377: 
2/4 ploid 
388: 
30 species 
429: 2n = 
18/36 
713. Trichoneura <Anderss.> 
3: 
1. annual 
2. perennial 
376: chromosome base number, x = 
10 
377: 
2 ploid 
388: 
8 species 
429: 2n = 
20 
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anatomical observations from newly prepared slides. 
5. New, improved southern African subsets were 
prepared via CONFOR, using the TIDY directives, to 
make new southern African DELTA subsets, and the 
TOINT directives to obtain INTKEY subsets for 
practical testing. 
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Example 5 Search worldwide for a list of robust, 
rhizomatous grasses for consideration as coastal sand 
stabilizers. 
Enter command: MATCH 0 
MATCH set to Overlap. 
Examine the list of available ecological and habit characters, and 
use an appropriate selectio1t. 
Enter command: CHARACTERS HABIT ECOLOGY 
3: <longevity of plants> 
4: <habit> 
7: <mature> culms <maximum height: data unreliable for large 
genera> 
391: <salt tolerance, etc.> 
Enter command: 4 
4: <habit> 
1. long-rhizomatous 
2. long-stoloniferous 
3. caespitose <Figs I, 7> 
4. decumbent <including 'rooting at the nodes'> <Fig. 2> 
Enter value: 1 
154 taxa remain. 
Enter command: 7 
7: <mature> culms <maximum height: data unreliable for large 
genera> 
Units: cm high 
Enter value: 75-150 
98 taxa remain. 
Enter command: 391 
391: <salt tolerance, etc.> 
1. maritime-arenicolous 
2. halophytic 
3. glycophytic <= not halophytic> 
Enter value: 1 
19 taxa remain. 
Enter command: TAXA REMAINING 
18:-Agrostis 
28. Ammophila 
73. Austrofestuca 
102. Calamagrostis 
103. Calamovilfa 
115. Cenchrus 
121. Chaetobromus 
234. Ehrharta 
239. Elytrigia 
268. Festuca 
336. Imperata 
342. Ischaemum 
380. Leymus 
495. Panicum 
525. Phleum 
541. Poa 
660. Spinifex 
662. Sporobolus 
732. Uniola 
Another approach is to search for names and synonyms which sound 
appropriate. 
Enter command: RESTART 
New identification started. 
Enter command: TAXA "Psamm" 
563. Psammagrostis 
564. Psammochloa 
Enter command: CHAR NOMEN 
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1: <synonyms: i.e. 'genera' included in the current description> 
2: <= sensu lato genus: i.e. genus in which this taxon might 
reasonably be (or sometimes is) included> 
Enter command: 1 
1: <synonyms: i.e. 'genera' included in the current description> 
Enter text, in quotes: "PSAMM" 
2 taxa remain. 
28. Ammophila 
653. Spartina 
Enter command: DESC 28 1 
28. Ammophila <Host> 
1: 
<Psamma P. Beauv.> 
Make a preliminary survey of potentially interesting genera, in terms 
of information relevant in the present context. Define an appropriate 
keyword for this purpose. 
Enter command: DEFINE C "dune" 47 SPECIES ECOL TRIBE 
DISTRIB 
Enter command: DESCRIBE 28 DUNE 
28. Ammophila <Host> 
4: 
1. long-rhizomatous 
7: culms 
20-120 em high 
381: 
4. Aveneae 
388: 
2 species 
389: 
4. xerophytic 
391: 
1. maritime-arenicolous 
414: 
<North temperate> 
Enter command: DESC 564 DUNE 
564. Psammochloa <A. Hitchc.> 
4: 
1. long-rhizomatous 
2. long-stoloniferous 
7: culms 
20-120 cm high 
383: 
1. Stipeae 
388: 
1 species 
389: 
4. xerophytic 
390: 
2. in open habitats 
414: 
<Gobi Desert> 
Enter command: DESC 660 DUNE 
660. Spinifex <L.> 
4: 
1. long-rhizomatous 
3. caespitose 
7: culms 
50-100 cm high 
385: 
2. Paniceae 
388: 
4 species 
391: 
1. maritime-arenicolous 
414: 
<eastern Asia, Indomalayan region, Pacific, Australia> 
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Example 6 List recorded hosts of the economically 
important rust, Puccinia striiformis (Le. potential 
reservoirs for infection of pooid cereals), in the Orange 
Free State. 
Enter command: MATCH 0 
MATCH set to Overlap. 
Use the keyword GEography to find the appropriate character. 
Enter command: CHAR GEOG 
392: <geographical occurrence in Australasia - mainly after Simon 
1978> 
393: <Canada: data not yet entered> 
394: <Geographical distribution in southern Africa> 
398: <floristic Kingdoms: after Takhtajan 1969. Data deduced from 
information for Takhtajan's floristic regions (see below), 
provided by B. K. Simon 1987> 
408: <Antarctic regions: after Takhtajan 1969> 
Enter command: 394 
394: <Geographical distribution in southern Africa> 
1. Botswana 
2. Cape Province 
3. Lesotho 
4. Natal 
5. Orange Free State 
6. South West Africa/Namibia 
7. Swaziland 
8. Transvaal 
9. not in southern Africa 
Enter value: S 
98 taxa remain. 
As an alternative to employing a keyword or a character number, 
search/or the next appropriate character by word. 
Enter command: CHAR "rust" 
418: Rusts: hosting <rust genera: data from Cummins 1971, his 
classification amended by D.B.O. Savile (pers. comm.). Updating 
beyond Cummins confined as yet to grass nomenclature. 
Unnamed species of Agropyron, Elymus, Panicum etc. ignored> 
424: susceptible to the wide-ranging rust species <wide-ranging here 
= recorded on 3 or more host genera by Cummins (1971» 
Enter command: 424 
424: susceptible to the wide-ranging rust species <wide-ranging here 
= recorded on 3 or more host genera by Cummins (1971» 
1. Dasturella divina 
2. Phakopsora incompleta 
3. Physopella clemensiae 
4. Stereostratum corticoides 
5. Puccinia chaetochloae 
24. Puccinia coronata 
25. Puccinia striiformis 
26. Puccinia montanensis 
47. Puccinia esclavensis 
48. Puccinia aristidae 
Enter value: 2S 
16 taxa remain. 
Enter command: TAXA REMAINING 
18. Agrostis 
19. Aira 
75. Avena 
94. Brachypodium 
97. Bromus 
178. Dactytis 
268. Festuca 
319. Hordeum 
355. Koeleria 
363. Leersia 
390. Lotium 
521. Phalaris 
541. Poa 
588. Puccinellia 
634. Secale 
671. Stipa 
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6. The interactive facility (i.e. pilot southern African 
INTKEY subsets) was demonstrated at various 
centres (Kirstenbosch , Stellenbosch University, 
Rhodes University, University of Natal at Pieter-
maritzburg , the South African Association of 
Botanists 1988 Congress, and the Grasslands Society 
of southern Africa 1988 Congress), and some 
improvements were introduced resulting from this 
local practical experience . 
It was necessary to adopt a standard method to cope 
with intrageneric variation . Tn widespread genera , 
worldwide variation is often greater than that seen in the 
southern African representatives. For example , Festuca 
includes worldwide about 140 species inhabiting 
temperate and mountainous areas. Only a few of them 
have awned lemmas, and all ten species in southern 
Africa are awnless. For some purposes, it would be 
advantageous to edit the descriptions accordingly (for 
example, elimination of redundant vanatlOn can 
facilitate identification, especially in printed keys). 
Nevertheless, the full generic descriptions have been 
retained for the present application , for two reasons . 
Firstly, because grasses are mobile . About 105 of the 785 
grass species known in southern Africa are naturalized , 
and new introductions continue to be reported. Elimin-
ation of 'redundant' world variation would be likely to 
render new introductions unidentifiable . More 
important , it is overwhelmingly desirable to retain the 
ability to view the southern African subset directly 
against a world background , for basic taxonomic 
research (e .g. assessing generic limits) and for practical 
applications where information about both southern 
African and world genera are required (see Examples 
3-7). 
Availability of the interactive data set 
The generic descriptions in INTKEY format and the 
program TNTKEY are available free of charge from 
Gibbs Russell or from the Data Officer, Botanical 
Research Institute , on 360K Sif4-inch floppy disks 
suitable for MS-DOS microcomputers . INTKEY 
requires at least 5I2K of memory (RAM) . The complete 
world data currently occupy 710K of disk space, and so 
will require a hard disk or a large-capacity floppy. The 
southern African subset occupies 345K , so can be run 
from a standard 360K floppy disk . 
The complete world data will normally be provided: 
the advantages of being able to examine the southern 
African genera in a world context will be apparent from 
Examples 4-7 . It is easy to confine a particular 
operation to the southern African subset (see Examples 
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Example 7 Search worldwide for genera likely to 
include species suitable to test for introduction as 
pasture grasses in Soutli West Africa/Namibia. 
Enter command: MATCH 0 
MATCH set to Overlap. 
The grasses best adapted to arid/semiarid regions seem to be C4 
'aspartate formers' with centripetal chloroplasts in the PCR sheath 
cells of their leaf blades. Fortunately, the structural features seem 
to be more widely indicative of environmental tolerances than are 
the associated C4 physiological types, which are far less widely 
recorded (see Ellis et a1. 1980, Prendergast and Hattersley 1987). 
Exclude the native genera. 
Enter command: EXCLUDE TAXA SAFRICA 
203 taxa excluded. 
List 'photosynthetic pathway related' characters. 
Enter command: CHAR PHOTOSYN 
302: <maximum cells-distant count; indicating photosynthetic 
pathway; see Hattersley & Watson 1975: Phytomorphology 25> 
303: the <C4> anatomical organization <of the leaf blade, whether 
conventional> 
304: organization of the <leaf blade> PCR tissue <when 
unconventional> 
305: <C4> biochemical type <as determined by enzyme assay: data 
from Hatch and Kagawa 1974, Gutierrez et al. 1974(a) and 
1974(b), Hatch, Kagawa and Craig 1975, and Prendergast, 
Hattersley and Stone 1987. Species samples in parentheses> 
306: <leaf blade XyMS: reliably indicative of C4 type (Hattersley 
& Watson 1976: Aust. J. Bot. 24. N.B., ascertainable from major 
vascular bundles only)> 
313: <leaf blade> PCR cell chloroplasts <position. Data extensively 
from Ellis 1977, Brown 1960, Prendergast and Hattersley 1987> 
319: <leaf blade> mesophyll <presence of 'circular cells' (i.e. 
isolated PCR cells or cell groups; 'distinctive cells')> 
Enter command: 302 
302: <maximum cells-distant count; indicating photosynthetic 
pathway; see Hattersley & Watson 1975: Phytomorphology 25> 
1. <showing a maximum cells-distant count of one, reliably 
predicting> C4 <Plates 3:23, 3:24; Figs 187, 188, 192-196, 
198,207-213,222,224-226> 
2. <showing a maximum cells-distant count of two or more, 
reliably predicting> C3 <Plates 3:25, 3:26; Figs 189-191,197, 
216,218,219,223,227> 
Enter value: 1 
194 taxa remain. 
Enter command: 306 
306: <leaf blade XyMS: reliably indicative of C4 type (Hattersley 
& Watson 1976: Aust. J. Bot. 24. N.B., ascertainable from major 
vascular bundles only)> 
1. XyMS+ <C3, or C4 'aspartate formers' type PCK or NAD-ME 
(exceptions: Eriachneae)> <Plates 3:24-26; Figs 187, 
189-193, 195-198,203-205, 212,214,220,223,224> 
2. XyMS- <C4 'malate formers ' , type NADP-ME> <Plate 3:23; 
Figs 188, 199, 208, 209, 222> 
Enter value: 1 
114 taxa remain. 
Enter command: 313 
313: <leaf blade> PCR cell chloroplasts <position. Data extensively 
from Ellis 1977, Brown 1960, Prendergast and Hattersley 1987> 
1. centrifugal/peripheral <generally but not universally indicative 
of NADP-ME or PCK> <Plate 3:23; Figs 193, 195, 199, 
201-203> 
2. centripetal <NAD-ME: predominant in arid and semiarid 
species> <Figs 192, 194, 196, 204-206> 
Enter value: 2 
20 taxa remain. 
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Enter command: TAXA REMAINING 
12. Aeluropus · 
67. Astrebla 
72. Austroch1oris 
84.Blepharidachne 
89. Boute1oua 
99. Buch1oe" 
176. Cypho1epis 
219.Distichlis 
252. Eriachne 
257. Erioneuron 
288. Gymnopogon 
310. Hilaria 
404. Lycurus 
442. Monanthoch1oe" 
449. Muhlenbergia 
492. Oxychloris 
496. Pappophorum 
618. Schedonnardus 
739. Vaseyochloa 
750. Yakirra 
The list would have been longer (105 genera) if we had been 
prepared to consider genera which are unknown for the relatively 
poorly recorded chloroplast position character - this could have 
been arranged using MATCH 0 U. 
Explore the remaining genera in terms of other features considered> 
desirable in pasture grasses. 
Enter command: MATCH 0 U 
MATCH set to Unknowns, Overlap. 
Enter command: 12 
12: culms <whether branched above> 
1. branching <vegetatively> above <Fig. 2> 
2. unbranched <vegetatively> above <Figs 1, 7> 
Enter value: 1 
15 taxa remain. 
12. Aeluropus 
67. Astrebla 
72. Austrochloris 
84.Blepharidachne 
89. Bouteloua 
176. Cypholepis 
219. Distichlis 
252. Eriachne 
257. Erioneuron 
310. Hilaria 
404. Lycurus 
442. Monanthochloe" 
449. Muhlenbergia 
496. Pappophorum 
750. Yakirra 
Enter command: 39 
39: leaf blades <whether needle-like> 
1. hard, woody, needle-like <and plants prickly, e.g. Triodia> 
<Fig. 15> 
2. not needle-like <plants not prickly> <implicit> 
Enter value: 2 
14 taxa remain. 
'Hidden cleistogamy' may protect against burning. 
Enter command: 58 
58: plants <possession of hidden, cleistogamous spikelets in leaf 
axils or on specialised rhizomes> 
1. with hidden cleistogenes <more or less hidden, usually 
conspicuously modified cleistogamous spikelets> 
2. without hidden cleistogenes <implicit> 
Enter value: 1 
2 taxa remain. 
449. Muhlenbergia 
496. Pappophorum 
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Conduct a preliminary exploration of potentially interesting genera, 
in terms of relevant features. 
Enter command: DESC (6789 99 449) REPRO 424 DISTRIB 
SPECIES TRIBE 
67. Astrebla <P. Muell.> 
50: plants 
2. bisexual, with bisexual spikelets 
51: plants 
1. with hermaphrodite florets 
52: the spikelets 
2. all alike in sexuality 
57: 
1. exposed-cleistogamous 
2. chasmogamous 
58: plants 
2. without hidden cleistogenes 
384: 
4. Chlorideae sensu lato 
388: 
4 species 
414: 
<Australia> 
424: susceptible to 
49. no wide-ranging rust species 
89. Bouteloua <Lag.> 
50: plants 
2. bisexual, with bisexual spikelets 
51: plants 
1. with hermaphrodite florets 
52: the spikelets 
2. all alike in sexuality 
56: plants 
1. outbreeding 
2. inbreeding 
57: 
1. exposed-cleistogamous 
2. chasmogamous 
58: plants 
2. without hidden cleistogenes 
59: 
1. apomictic 
2. reproducing sexually 
384: 
4. Chlorideae sensu lato 
388: 
40 species 
414: 
<Canada to South America, especially southwest U.S.A.> 
424: susceptible to 
23. Puccinia cacabata 
40. Puccinia boutelouae 
-4r: Puccinia chloridis 
99. Buchloe" <Engelm.> 
50: plants 
1. monoecious with all the fertile spikelets unisexual 
3. dioecious 
51: plants 
2. without hermaphrodite florets 
52: the spikelets 
1. of sexually distinct forms on the same plant 
2. all alike in sexuality 
53: the male and female-fertile spikelets 
1. in different inflorescences 
57: 
2. chasmogamous 
58: plants 
2. without hidden cleistogenes 
384: 
4. Chlorideae sensu lato 
388: 
1 species 
414: 
<North AmeriCa> 
449. Muhlenbergia <Schreber> 
50: plants 
2. bisexual, with bisexual spikelets 
51: plants 
1. with hermaphrodite florets 
52: the spikelets 
. 2. all alike in sexuality 
57: 
1. exposed-cleistogamous . 
2. chasmogamous 
58: plants 
1. with hidden cleistogenes 
2. without hidden cleistogenes 
384: 
4. Chlorideae sensu lato 
388: 
100 species 
414: 
<Himalayas to Japan, North America to Andes> 
424: susceptible to 
17. Puccinia graminis 
25. Puccinia striiformis 
42. Puccinia schedonnardi 
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1,2,4& 6) , and carrying the rest of the data causes no 
significant loss in computing efficiency. However, the 
SUBSET facility of INTKEY readily permits generation 
of INTKEY subsets, and users may wish to make these 
themselves for particular purposes. Small subsets could 
be supplied direct to users restricted by limitations of 
their microcomputers. 
Examples of interactive identification and information 
retrieval 
Examples 1-7 have been typeset directly from the 
INTKEY output - that is, they represent the actual 
INTKEY displays , with minimal editing. They were 
placed on files using the LOG directive, invoking the 
COMMENT directive to insert appropriate comments. 
Subsequent changes (other than typesetting) have been 
limited to saving space, by editing out many of the 
characters displayed and rendering some of the output 
into two columns. Removal of characters from displays is 
indicated by dots , and the numbers of characters 
removed can usually be deduced from the numbers 
associated with those remaining (these being indicative 
of the scope of the character list in the various 
connections). Interrogations taking only a few seconds 
to pursue occupy much space in print, and the examples 
reproduced here have of necessity been kept short. For 
instance, an illuminating extension of Example 7 
involves selecting for other features which may indicate 
tolerance of regular burning and palatability, such as 
intravaginal branching and relatively broad leaves; and 
the lists of potentially suitable genera emerging here and 
in Example 5 could be extended by setting MATCH to 
include genera which are as yet unrecorded for features 
considered important. 
References to Plates and Figures cross reference the 
character list with the photographic illustrations in 
Watson & Dallwitz (1988), but it is intended in the near 
future to incorporate illustrations directly in the 
INTKEY display. The commands and keywords have 
been entered at sufficient length in these examples for 
their meanings to be obvious, but they can be abbre-
viated as long as there is no ambiguity . In the complete 
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Table 1 Examples of commonly used INTKEY commands. Many 
more commands are available, and others will be added as the 
system develops. At any point, the HELP command will display 
information about the system and about all commands 
Search commands 
BEST Display the best characters to separate the remaining taxa 
CHARACTERS Display names and numbers of characters 
DESCRIBE Display the decription of a taxon 
DIAGNOSE Generate diagnostic descriptions of taxa 
DIFFERENCES Display the differences between taxa 
SEPARATE Display the best characters to separate a taxon from the rest 
SIMILARITIES Display the similarities between taxa 
SUMMARY Display a summary of the data for each character 
TAXA Display names and numbers of taxa 
USE Use a character to describe a specimen 
Parameter commands 
DEFINE 
EXCLUDE 
INCLUDE 
MATCH 
TOLERANCE 
Define a keyword to represent a range of characters or taxa 
Exclude specified characters or taxa 
Include specified characters or taxa 
Set criteria for matching of taxon descriptions 
Set limit of variation from the specimen 
File commands 
INPUT 
LOG 
OUTPUT 
SAVE 
TRANSFER 
Read commands from a file 
Send all input and output to a file, as well as to the screen 
Send output to a file , instead of to the screen 
Format information for input to other programs 
Generate and read data-interchange files 
lists of keywords shown at the start of Example 1, the 
minimal abbreviations are shown in capitals. 
Example 1 represents a fairly routine identificatory 
operation, and illustrates the use of words as well as 
numbers in selecting and using characters. It also illus-
trates some of the inherent advantages of the method 
over printed keys; viz., flexibility of character choice, 
assistance with choice of characters appropriate in 
particular circumstances, and the ability to take account 
of possible errors by varying the TOLERANCE. The 
latter facility is particularly important when dealing (as 
here) with fragmentary or incomplete material, for 
which a printed key will usually be useless. 
Examples 2 and 3 illustrate searching for taxa by 
name, and retrieval of text characters (which can include 
nomenclature and references). They also demonstrate 
how automation permits the kind of information given in 
conventional taxonomic descriptions to be used in new 
ways for particular purposes. Note that diagnostic 
descriptions prepared using INTKEY are diagnostic 
strictly in the context of the sample under analysis (in 
Example 2, for southern Africa and for Cymbopogon 
and its close allies). They will probably differ somewhat 
from diagnostic descriptions of the same taxa prepared 
within other subsets, or in world terms. Complete 
descriptions of taxa can also be obtained via INTKEY, 
but these lack the data comments which are provided in 
the full natural language descriptions produced using 
CONFOR. Diagnostic descriptions complete with data 
comments are obtainable, however, by applying the 
MASK DIAGNOSTIC command of INTKEY, and 
using the resulting file in association with the full 
DELTA descriptions and the TONAT option of 
CONFOR; and these can be preset to include additional 
information, for example to achieve the style required 
for an Excursion Flora. 
Examples 4-7 provide further evidence of the 
flexibility of INTKEY. However, they have been chosen 
primarily to demonstrate the scope of the present grass 
generic descriptions, and more particularly to indicate 
the desirability of associating automation with a 
broadening of floristic and monographic descriptions to 
include anatomy, physiology, pathogens etc. Opportu-
nities for basic taxonomic research, and the accessibility, 
quality and range of taxonomic services available for 
other researchers, will be enormously increased if the 
more ambitious approach adopted here is applied at 
species level. 
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